Objective: To determine the prevalence and risk factors of myopia in urban and rural Victoria, Australia.
M
YOPIA IS CAUSED by an incongruity between the power of the optical elements of the eye and the axial length so that corrective lenses or other refractive treatment is required to produce a clear image.
Several studies of myopia have been conducted, but most have been on selected subgroups and have not been population based, and often they have used different definitions of myopia, making it difficult to compare results. Definitions of myopia have ranged from any spherical equivalent refractive error as myopic to only those with a refractive error worse than −0.5 diopters (D) or worse than −1 D.
Myopia rates with these different definitions of myopia have ranged from 12% to 28% in adult [1] [2] [3] [4] [5] and mixed-age populations, 6, 7 while the rates are higher in adolescents. 8 Racial differences in myopia rates are well documented. Prevalence of myopia has been shown to be as low as 2% to 5% in Australian Aborigines 3 and Solomon Islanders. 9 Rates of myopia were also lower in urban African American subjects compared with white subjects in the same sample population. 1 However, various studies conducted in Asia have shown that prevalence of myopia is very high, ranging from more than 40% in the general population 10, 11 to between 50% and 80% in the student populations. 12, 13 Several investigations in Denmark, Iceland, Japan, and North America in aboriginal populations have indicated that myopia is increasing in prevalence and may be a growing problem in the future. 7, 12, [14] [15] [16] [17] [18] In Iceland, the rate of myopia increased from 4% in 1935 to 20% in 1975. 7 Two population-based studies have shown that myopia rates decrease with age for people aged 40 years or older. 1, 2 The causes of myopia are unclear, although evidence supports both genetic and environmental components, including links to higher amounts of "near work,"or working at a close distance, (the "use-abuse" theory), [19] [20] [21] [22] years of education, 1,2,23-27 and intelligence. [28] [29] [30] [31] [32] EPIDEMIOLOGY AND BIOSTATISTICS The aim of this study is to ascertain the prevalence and risk factors of myopia in a population-based group in Victoria, Australia.
RESULTS
A total of 4744 people (86%) underwent the eye examination, 3271 (83%) from the urban group and 1473 (92%) from the rural group. There was no difference between participants and nonparticipants other than the fact that non-English-speaking people were slightly less likely to attend. 40 The participation rate of people who spoke a language other than English at home was 79% compared with 87% of those who spoke English at home (2 = 44.05, P Ͻ .001).
The study population consisted of 2211 men (47%) and 2530 women (52%) between 40 and 98 years of age, with a mean age of 59 years.
The correlation between the right and left eyes for spherical equivalent was high ( = 0.89); in the following analyses, only the results from the right eye were used.
There were 13 people (0.27%) with refractive data missing, leaving 4731 right eyes available for analysis. Of these, 67 (1.4%) had uncorrected visual acuities worse than 20/20 for analysis, were not refracted, had no glasses, and therefore, were excluded. Also excluded were 124 people (2.6%) who had undergone cataract surgery in their right eyes, 1 with a corneal graft, 3 with corneal opacities, 3 with vitreous opacities, and 1 who had undergone radial keratotomy. This left 4532 subjects for the
PARTICIPANTS AND METHODS
Data were collected as part of the Visual Impairment Project (VIP). This is a population-based prevalence study that has been conducted in Victoria, Australia. The methods have been described previously. 33 Victoria is a state in southeast Australia with a population of approximately 4.5 million (about one quarter of the Australian population), about 3.2 million of whom live in its capital city of Melbourne. 34 The first stage of the VIP was conducted in Melbourne on residents from 9 pairs of randomly selected 1986 Australian Bureau of Statistics Census Collector Districts. The second stage was conducted in 4 randomly selected pairs of Census Collector Districts in rural Victoria. To be eligible for inclusion, residents had to be living at their current address for at least 6 months and had to be 40 years of age or older, or be turning 40 in the current calendar year.
Participants were contacted through a household census by field interviewers who completed a questionnaire on demographic details and health service use, and then invited the eligible residents to a local screening center for an eye examination.
As part of the standardized examination, each participant had their visual acuity tested on the Early Treatment of Diabetic Retinopathy Study logMAR chart. 35 Vision was tested one eye at a time with presenting correction and the resulting level of vision was converted to the number of letters read. A logMAR E chart was used if the participant was illiterate or had problems reciting the English alphabet.
If the participant was unable to read at least 53 letters (20/20 minus 2 letters), a refraction was performed, starting with an initial automatic objective refraction (Humphrey 590 Automatic Refractor; Humphrey Systems, Dublin, Calif). The result was used as a starting point for the subsequent manual subjective refraction. After the bestcorrected visual acuity was found, both the derived prescription and the number of letters read were recorded. Because of the age of the study population, cycloplegia was not used.
Subjective refraction was not performed for those who could read 53 letters with their present correction and the power of this correction was measured and used in these analyses. Refractive error was assumed to be 0 D for participants who did not wear eyeglasses and who did not undergo refraction because their uncorrected visual acuity was 20/20 or better. Data for people with no glasses who did not have a refraction and had an uncorrected visual acuity of worse than 20/20 were excluded because of insufficient data for an accurate estimation of refractive error. All refractive errors were converted to the spherical equivalent for analysis. The spherical equivalent is derived by adding the spherical component of a refraction to half of the cylindrical component.
Two definitions of myopia were used. Myopia was defined as a refractive error of worse than −0.5 D or worse than −1.00 D. The former level was chosen because it only includes myopia to a significant functional degree and also will concur with definitions of the Baltimore Eye Survey 1 and the Beaver Dam Eye Study 2 groups, 2 other major studies with similarly aged study populations. Hypermetropia was defined as a refractive error of greater than +0.5 D and emmetropia was defined as a refractive error between +0.5 D and −0.5 D.
Nuclear cataract was graded from slitlamp photographs using the Wilmer scale, 36 which grades nuclear opacity in severity on a continuous scale from 0.1 to 4.9. For data analysis, the score was converted into 5 groups (1.0, 1.1-2.0, 2.1-3.0, 3.1-4.0, and Ͼ4.0).
Excluded from the data analyses were those who were aphakic or pseudophakic and those with eye conditions that could alter or interfere with accurate refraction such as keratoconus, corneal grafts, and visually impairing opaque media. Those with media opacities were only excluded if they had visual acuity reduced to worse than 20/60.
All analyses were performed with commercial statistical software (SAS version 6.10; The SAS Institute, Cary, NC). The distribution of spherical equivalent did not conform to the normal gaussian curve, as it consisted of a large number of data clustered around emmetropia and a myopic tail, which is well known to be the case in refractive error distributions. [37] [38] [39] Data were transformed using the square root of the spherical equivalent, which eliminated the skewness but not the peak. Statistical tests comparing means such as t tests, general linear models, the Bonferroni statistic, and the 2 test were used, as they rely on the symmetry of a distribution rather than the shape. One myopic outlier was present that altered the data somewhat. It was decided that all analyses would be done twice, 1 including and 1 excluding this outlier. If the conclusions of the analyses were unaltered, this outlier was then excluded, and the more normal distribution to fit the parametric analyses was used. P = .05 was considered significant. final analyses. Of these, 1514 (33%) were assumed to have no refractive error, that is, 0 D spherical equivalent, because they had no refraction, wore no optical correction, and had a visual acuity of 20/20 or better.
A total of 763 people (17%) had myopia worse than −0.5 D, 576 (13%) had myopia worse than −1 D, 1662 (37%) were hypermetropic, and 2081 (46%) were emmetropic. There was no significant difference in myopia rates between urban and rural populations (P Ͼ .05).
Of the people who were defined as having myopia at the -0.5 D level, 666 (87%) had low myopia (Ͼ −0.5 D and Յ −5 D), 85 (11%) had high myopia (Ͼ5 D but Յ10 D), and 12 (1.6%) were regarded as having extreme myopia (Ͼ10 D) (Figure 1) .
The prevalence of myopia was shown to be significantly related to age group ( 2 = 65.33, P Ͻ .001). Prevalence of myopia significantly decreased with age up to age 80 years (P Ͻ .001), but then increased in those aged 80 years or older ( Table 1) . A general shift in the "plus" direction in spherical equivalent (ie, less myopic) was also found in older age groups (F = 84.72, P Ͻ .0001), except in the 70-to 79-year-old age group and the 80 years and older age group. This relationship only explained 8.4% of the variance in spherical equivalent (R 2 = 0.084). The prevalence of hypermetropia also changed with age. Levels of hypermetropia increased significantly in older age groups. Hypermetropia was defined as refractive error either greater than +0.50 D ( 2 = 933.4, P Ͻ .001) or greater than +1.00 D ( 2 = 731.9, P Ͻ .001).
Also examined, using data from the rural group, was the proportion of people wearing myopic correction at each stage of their lives. Younger age groups had higher proportions of people wearing myopic correction at all stages of life than did the older groups (Figure 2 ). For example, the 40-to 49-year-old group had significantly higher levels of myopic correction between ages 10 and 19 years than all other groups. To examine trends in these data, the analyses were restricted to use of myopic corrective lenses when each subject in the study population was 40 years old. There was a significant linear trend for increased use of myopic correction at age 40 years in the 40-to 49-year-old group compared with the 70 years and older group ( 2 = 31.52, P Ͻ .001). This trend became more significant after controlling for education and occupation ( 2 = 23.38, P Ͻ .0001). Overall, sex was not significantly related to myopia ( 2 = 0.006, P = .94). However, when controlling for age group, women had slightly more positive spherical equivalent refractive errors than men (F = 4.44, P = .04). This result has limited clinical value, as the difference in mean spherical equivalent refractive error between men (+0.127 D) and women (+0.219 D) was small.
A significant relationship between myopia and educational level was also found ( 2 = 119.20, P Ͻ .001) with prevalence of myopia increasing with higher degrees of education (P Ͻ .001) ( Table 2 ). More negative overall spherical equivalent was also associated with higher degrees of education (F = 34.99, P Ͻ .001), a relationship which describes 3% of variation (R 2 = 0.03). The Bonferroni t test for differences between means revealed that those who had completed a university or college education had significantly more myopia than all other groups. The relationship between educational level and spherical equivalent was not as strong in the rural group (F = 3.59, PϽ.07), but the overall relationship was still significant when controlling for geographical area (ie, rural vs urban).
Prevalence of myopia was also significantly related to the major occupation that each person had for most of their lives ( 2 = 132.53, P Ͻ .001). Professionals and clerks were found to have a significantly higher prevalence of myopia than all other occupational groups ( Table 3) . Overall spherical equivalent was also significantly different between groups (F = 11.80, P Ͻ .001), with professionals and clerks having significantly more negative spherical equivalents than all other groups. Spherical equivalent was examined in a multivariate model that controlled for age group, education level, and occupation. All of these variables remained significant with spherical equivalent at the PϽ.001 level.
Information on gross household income was only gathered in the rural study, therefore analyses using this variable are only done on the rural data. Income was found not to be significantly related to myopia (2 = 6.72, P = .08). Spherical equivalent, though, was significantly more positive in people belonging to the lowest income level compared with all of the others (F = 9.65, P Ͻ .001). This relationship was not significant when controlling for education level, occupation, and age group.
The prevalence of myopia varied significantly with country of birth (2 = 77.62, P Ͻ .001). People who were born in southeast Asia had significantly higher rates of myopia than any other geographical area other than those with a small representation in the sample ( Table 4) . Spherical equivalent also had a significant relationship to country of birth controlling for age group and education level (F = 34.03, P Ͻ .001) and the spherical equivalents of those with a southeast Asian origin were again significantly more myopic than most other geographical areas.
The prevalence of myopia was also significantly related to the level of nuclear opacity that was present ( 2 = 55.26, P Ͻ .001). The prevalence of myopia was significantly higher in people with nuclear opacity greater than 3.0. Significance in difference between groups and trend remained after controlling for age group. Spherical equivalent refractive error was also significant, controlling for age (F = 97.32, P Ͻ .001). The Bonferroni t test, which has the inability to control for other variables such as age, revealed that people with the most advanced nuclear opacity had significantly more negative refractive errors than all other groups.
The analyses regarding age group, urban vs rural residence, sex, education level, occupation, country of birth, income, and nuclear opacity were also tested using a more strict definition of myopia, that is, a spherical equivalent of worse than −1 D. The results did not change markedly using this alternate definition. Finally, a multiple logistic regression using all variables was performed ( Table 5) . It showed that age, nuclear opacity, country of birth, education level, and occupation all remained significantly related to myopia prevalence (worse than −0.50 D). Only sex and geographical area (ie, urban vs rural) were no longer significant. This analysis was repeated using a higher definition of myopia (worse than −4 D). This level was chosen to discover if the variables remained significant at higher levels of myopia, and −4 D was the highest level that could be used for the analysis to remain valid owing to low numbers in the high myopia category (Table 5) .
A multivariate general linear model was also examined for the degree of spherical equivalent. Again, age, nuclear opacity, country of birth, education level, and occupation were all significantly related to spherical equivalent refractive error (PϽ.001), whereas sex and geographical area were not.
COMMENT
The VIP provides one of the few population-based prevalence estimates of myopia in an adult population and is unique in that it includes an urban and a rural sample population. The overall prevalence of myopia (−0.50 D or more) in the urban and rural VIP combined in right eyes was 17% (95% confidence limit = 15.8%, 18.0%). This is lower in general compared with many other studies ( Table 6) .
It was asssumed that the group of participants who wore no corrective lenses and who had a visual acuity of 20/20 or better did not have a refractive error and did not undergo refraction. This limitation was imposed by field conditions. This should not affect the myopia rate, although this assumption would underestimate the prevalence of hypermetropia in the sample. A number of the subjects labeled emmetropic in this study would be younger participants with low hypermetropia who had enough reserve accommodative power to overcome their small refractive error. This may also account for some of the increase in hypermetropia with age because of declining accommodative power. In all of the univariate analyses, both the prevalence of myopia and the level of spherical equivalent were examined. The degree of spherical equivalent refractive error was examined to reflect degrees of myopia and myopic shifts. This is important because if a particular variable acts on a person's refractive state and causes a myopic shift, the person's baseline refractive error becomes important. If, for example, a person starts off at baseline as being hypermetropic and an environmental variable contributes to a myopic shift, the person does not necessarily become myopic, they may simply become less hypermetropic, ie, more myopic. Thus, if the presence of myopia was simply examined, this previously mentioned effect would be hidden.
Myopia prevalence was found to decrease significantly with age until about age 80 years. In persons older than this, there is an increase in the prevalence of myopia, although it not statistically significant. This concurs with other studies of similarly aged populations. 1, 2, 4, 39 Numerous other studies that have included much younger age groups have shown that the prevalence of myopia increases with age. 13, 19, [41] [42] [43] [44] [45] Both of these trends are reflected in an extensive study by Slataper, 39 which shows a myopic shift between the ages of 8 to 30 years, a hypermetropic shift between the ages of 31 and 64 years, and finally a myopic shift between the ages of 65 and 87 years. The myopic shift seen in people in the upper age groups has been associated with age-related changes to the lens. 39, 46, 47 The VIP data supports this theory, showing that not only does overall spherical equivalent refractive error become more negative with increasing amounts of nuclear opacity, but also the prevalence of myopia increases. This increase of myopia in the upper age groups also occurs in black persons in the Baltimore Eye Survey 1 and men in the Beaver Dam Eye Study, 2 although the effect may be somewhat dampened in the latter study because of the exclusion of participants with visual acuities worse than 20/40.
Not only does the prevalence of myopia decrease with age, there is also an overall shift in the hypermetropic direction of refractive error resulting in a corresponding increase in the prevalence of hypermetropia.
There are 2 possible explanations for this trend. First, it could be that myopia actually does improve with age, or second, that the incidence of myopia has increased in the younger cohorts other than can be explained by the variables controlled for in the multivariate analysis such as possible higher education levels.
It was also found in the rural component that, when examining the use of myopic correction during different life periods of each person, the younger groups, especially persons aged 40 to 49 years, wore myopic corrective lenses more often at all stages of their lives than the older age groups. This indicates that the use of myopic correction has increased in recent times. There are several possible explanations for this trend. This may suggest that the prevalence of myopia is increasing, a view that has been put forth by several investigators. 7, 12, 14 It might also reflect greater use of health care services in more recent years, which may have been influenced by the introduction of the national government-subsidized health care (Medicare) in the 1970s, which includes a subsidy for glasses. The result may also simply reflect potential recollection bias of the older groups.
Myopia was found to increase significantly in frequency and overall refractive error to become more myopic with higher levels of education, as has been reported previously. 1, 2, 4, 6 The relationship still held while controlling for geographical area (ie, urban vs rural), although when examining rural data separately, the relationship was significant but weaker, probably owing to the smaller number of university graduates in rural areas (5%) compared with urban areas (14%). The level of education can be used as a crude measure of the amount of near work that a person has done in their younger days, and the link between this measure and myopia has been used to support the use-abuse theory of myopia. 19 Another indication of near work is occupation. Professionals (30% myopic) and clerks (28% myopic) had significantly higher rates of myopia compared with other occupations even after controlling for educational level and age group. This could also support the use-abuse theory of myopia or may simply suggest that people with myopia tend to be attracted to professional and clerical occupations, which involve large amounts of near work.
Those who were born in southeast Asia had significantly higher levels of myopia than those born elsewhere. This concurs with several other studies that report large prevalence of myopia in Asian countries. [10] [11] [12] [13] In the multivariate logistic regression, those born in Africa (except north Africa) had an increased risk of myopia. This group is somewhat anomalous, as it consisted almost exclusively of white South Africans. Previous reports have shown that myopia is uncommon in indigenous African groups. 26 The myopia rates relating to country of birth may be influenced somewhat by the likelihood that immigrants who are let into the country probably have higher education levels, although this has been controlled for in the multivariate analysis.
